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Background­ &­ Aims:­ Oestrogen and oestrogen-mediated signalling protect from
hepatitisCvirusthroughincompletelyunderstoodmechanisms.Weaimedtoascertain
whichphase(s)ofhepatitisCviruslifecycleis/areaffectedbyoestrogens.








Results:­Progesteroneand testosterone showedno inhibitoryeffectonhepatitisC
virus;dehydroepiandrosteronewasonlymildly inhibitory. Incontrast,17β-estradiol
inhibited infectionby64%-67% (IC50 values140-160nmol/L).Fulvestrant reverted
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1  | INTRODUCTION
In contrast with the authentic revolution we are facing in the
field of antiviral therapy of hepatitis C, several long-standing
issues concerning the natural history of HCV infection remain
incompletely understood. Specifically, it has always been puz-
zlingwhy gender affects so deeply the course of hepatitis C. It
has been consistently shown along the years that the ability to
spontaneously clear HCV infection is greater in women than in
men.1-5 Moreover, during early chronic infection (1-year post-
infection), HCV RNA levels are higher in men than in women,6 
while cirrhotic progression rarely occurs in pre-menopausal
women.7Basedontheseobservations,ithasbeenproposedthat
oestrogen and oestrogen-mediated signallingmay play a role as
protectivefactors,reducingthediseaseprogressionorincreasing
thechanceofclearingthevirus.8Themechanismsbywhichthis
protectionoccurs areunknown; theprevailinghypothesis advo-
cates that sexhormonesbind to specific receptorsexpressed in
immunecells,therebyinfluencingadaptiveand,mostimportantly,
innate immune responses.9, 10However, oestrogens are not key
players in themajormechanismof innateantiviral response, the
JAK/STATpathway,11and inothersettings, themajor impactof
sexsteroidsisonthetargettissue,notonimmunemodulation.12 
Thus, it is not inconceivable that oestrogens may determine a
suboptimalenvironmentforviralreplicationbycompletelydiffer-
entmechanisms.Thispossibilityisnicelyexemplifiedbyarecent
studydemonstrating thatoestrogens favour the cleavageof the












17,β-estradiol (E2), testosterone, progesterone, dehydroepiandros-
terone-sulphate(DHEA-S),Fulvestrant,theentryinhibitorBafilomycin












MEGAscript T7 (Life Technologies,Milan, Italy). The 10μg of RNA
wereelectroporatedintoHuh7cellsaspreviouslydescribed.19
2.4 | Antiviral­evaluation­on­HCVcc







mone. Subsequently the cellswere infected in the presence of the
compoundsandincubatedat37°C.Afterthe3hourstheviralinocu-
lumwas removed, cells washed and re-fedwith completemedium
and incubated at 37°C for 72hours. Inmodel #3,Huh7 cellswere
pre-treated overnightwith hormones, thenwashed and infected in
theabsenceofdrugs.




Huh7 cells were exposed to 17,β-estradiol at the concentration of





ral properties against HCV in two different models of
infection.




• Oestrogen stimulation partially reduces viral entry, but
hasnoeffectonviralRNAreplication.
• 17,β-estradiol blocks HCV infection also by interfering
with a late phase of viral life cycle, (viral assembly/
release), reducingthenumberofviralparticles released
byinfectedcells.

















200nmol/L and infected followingmodels #2 and #3 as described
above. After 72hours intracellular RNA was purified using TRI-












Huh7cellswere treatedwith17,β-estradiol asdescribed above for
RNA inhibition. After 72hours supernatants were collected and
titratedina96-wellplatefollowingfive-folddilutionsorquantitated













17,β-­estradiol,­nmol/L Fulvestrant,­nmol/L Progesterone,­μmol/L Testosterone,­μmol/L DHEA-­S
Concentrations 400 400 25 10 50mmol/L
200 200 12.5 5 5mmol/L
100 100 6.25 2.5 500 μmol/L
50 50 3.125 1.25 50 μmol/L
25 25 1.6 0.625 5 μmol/L
12.5 12.5 0.8 0.3125 500nmol/L
6.25 6.25 0.1562 50nmol/L
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2.10 | HCV­subgenomic­replicon
Huh7cellswereelectroporatedwithN17/JFH1RNA,seededinthe






















at different 17,β-estradiol concentrationswere evaluated by analy-
sisofvariancewithrepeatedmeasurestorejectthenullhypothesis








The sex hormones 17,β-estradiol, progesterone, testosterone and
DHEA-Swere tested in the three differentmodels of infection, as















fora longertimewiththehormonethen lefttogrowin itsabsence
after the infection, we focused our experiments on 17,β-estradiol.





























To assess whether the antiviral effect of the 17,β-estradiol was
directlyexertedonthevirusratherthanbeingdependentonintracel-
lular signallingpathways,we investigated the roleof theoestrogen





reported in Figure3B, the inhibition induced by 17,β-estradiol was
completelyabolishedbyFulvestrant,inadose-dependentmannerfor





tem (HCVpp),which allows evaluationof the viral entry.As shown
inFigure5A,17,β-estradiolshowedonlyaslightinhibition(<20%)on
HCVpp,suggestingitexertsamarginalroleonHCVentry.
To determine whether 17,β-estradiol could interfere with viral
replication, we used an HCV subgenomic replicon, N17/JFH1.18 It
is a monocistronic replicon encoding non-structural HCV proteins,
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between primary and secondary infection across groups, with IC50 












whether the effect exertedbyE2wasonviral assemblyor release,
weinvestigatedtheintracellularandextracellularinfectivityinparallel.
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infectivityof40%and50%respectively.Noteworthy,theseinfectiv-
itydatacorrelatewiththoseofviralRNAlevelsshowninFigure7A.
Finally,we calculated the specific infectivity, expressed as the ratio
between viral titre and RNA copies; no differences were detected
betweencontrolandE2specificinfectivity(FigureS1).
4  | DISCUSSION
In the present paper,we show that 17,β-estradiol is able to inhibit
HCVlifecycleinvitro,whereasnoeffectswereobservedfromexpo-
sure to DHEA-S, testosterone or progesterone. 17,β-estradiol acts
through its intracellular receptor signalling pathway, triggering an
antiviralstateabletointerferewithHCVassemblyand/orreleaseand
partiallywithviralentry,butnotonviralRNAreplication.
With regard to the anti-HCV effects exerted by 17,β-estradiol,
our data are in agreementwithwhat has already been reported by
Hayashidaetal.,25 inasmuchaswebothshowthatexposuretooes-
trogen inhibits the production of infectious HCV particles in vitro.
However,our resultsdiverge fromthoseofourHayashidaetal.,on
thetimingofexposureassociatedwiththemaximalinhibitoryeffect:
in fact, they observed that exposure to oestrogens afterviral entry
ledtoanincreasedinhibition,whereaswefoundthatexposingcells
to 17,β-estradiol before the infection clearly enhances the antiviral





to natural conditions, and (ii) preliminary experiments by our group
(datanot shown) indicating thathighMOI resulted inno significant
antiviralactivityinthemodel#2and#3.
We observed no effects onHCV in vitro infection from expo-
suretoeithertestosteroneorprogesterone.Whilethelackofanti-
viraleffectsoftestosteronewasexpected,sinceserumtestosterone
levelsof infectedmalepatients correlatewith an increased riskof
advancedliverdisease,26theabsenceofproviraleffectsbythesetwo
hormones is noteworthy. Progesterone not only acts in the oppo-
site direction of estradiol during conditions of oxidative stress,27 
but it can alsoblock interferon signallingpathway interferingwith












trogen receptor (αβ) antagonist fulvestrant, which impairs receptor
dimerization, can revert the inhibitory effect of 17,β-estradiol in a
dose-dependentmanner.Inotherwords,17,β-estradiolisnotadirect
antiviral agent, in full agreement with what already reported by
others.25
Finally,wedesignedaseriesofexperimentstodeterminewhich
viral step(s) is/are affected by 17,β-estradiol using surrogate infec-
tious/replicativemodels. Initially,we investigated its effect on viral
entryemployingpseudo-particlesandobtainingonlyaslighttomod-
erateinhibition.This inhibitoryeffect is likelytobedependentonG
protein-coupledoestrogenreceptor1 (GPER),amembranereceptor
abletobindonlytooestrogensandresponsibleforrapideffectson









tional experimental evidence consolidating this interpretation. The
experimentsonwhichtheaforementionedauthorsbasedtheircon-
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electroporated cellswith a subgenomic replicon and exposed them




Interestingly, we observed, as already reported by Ulitzky
etal.,13 that exposure to oestrogens leads to a lower number of
foci, characterized also by a reduced size (Figure S2). On these




Weobservedamoreprofound inhibition in releasedparticlesand
extracellularRNA than in intracellularRNAand infectivity, a find-
ing confirmed by RT-qPCR and by infectious unit titration assay.
Overall,thesedatasuggestthatoestrogencanimpaira latephase
ofHCV life cycle,mainly interferingwith the release of newpar-
ticles,asshownbythesignificantdifferencebetween intracellular
andextracellularreduction(Figure7).Thisobservationfindsfurther
evidence showing amoderate inhibition in the intracellular infec-
tivity. To support this hypothesis,we found no effect on specific
infectivity (Figure S1), confirming that the de novo viral particles
areassembledproperly.Itistemptingtospeculatethatinterference
withthereleasephasemightinvolvetheSREBPpathway,whichhas
been shown to be activated by oestrogen.31 Interestingly, SREBP
isable invitrotomodulateMTP,32which iscrucial forthecorrect
releaseof infectiousparticles,21playinga role in theregulationof










trogen therapy inwomenwith chronicviralhepatitis,discouraged
in thedistantpastbecauseof the theoretical riskofprovokingor
enhancingcholestasis,findsfurthersupportinourfindings.
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